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Abstract 

PROBLEM TO BE SOLVED: To provide a disk controller which satisfies the requested delay time according 
to the deterioration of performance of a disk device and also execute's a request with high efficiency. 
SOLUTION: A request management part 13 holds the requests as a queue, and a delay time management 
part 12 holds the end time when the execution should be ended for each request included in the queue. An 
access time management part 15 holds the access time that is acquired by giving a request to a hard disk 
16. A rearrangement control part 1 1 rearranges the requests every time a request is inputted so as to 
shorten the seek distance and to end the execution of a request before its end time. A disk IO part 14 
measures the execution time of each request and updates the access time. Thus, it's possible to execute a 
request before its end time according to the deterioration of performance of the disk 16 due to its aging and 
also to secure the real time nature of animation and voice data. 
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[00 54 ] S2 4S5fMBtt, S2 1«0fMHtfc^T, 

fzmiw-m&zm3<nm$k ttz^ 

»#Stt, JB105»*l:J|S3<OS*i:^)iaK»l®B* 
«. »l<^)5^*SttlLfe«iKl<O)»ffc:«!->-c*3<0B 

*<omisr4fciim*fcifAU, mi«og*s/c(im3o 

S*c077-fcXl$Fy]£, »l««*l:JB3<OS*t3&«tt 
^iU-tT-^'fXC^t^77-feXB*St T-fX 

^lO#g(j. &lto£Vm3am%t:&k*>, a^L 

9£Wizmithz\k*imk'$-h. 
[0055] ±il<T)X o fc. »2 403WBt AfUf, m 
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2 loftfflfc&hvc. &&l£iT-?i77-tA-?&1$ 
[ 0 0 5 6 3 §12 5<T)%m±; m2 1 w&mzti^x. 

»#«ti s si i com* t m 3 t oiat» i 
*<7)iiHu * tzimmznx u §s i com^tzam 3 

fr&-fT—?*M XizfcttzTf-b'x&fffib U r-r* 

fcfiatt * * r- * ^M^-aif -otog* tLXTjx 
trnwizmrtz z t t -t* . 

[0057] ±iaoJ: die. 152 5 *>»»cj:fitf s IK 

4. •" 
[ 0 0 5 8 ] 3S2 6*>SKHIi, *S**<ffl8'Jt:^rt6a 

mx-h^x. -itMm&cDmm&tt-rmx'gm 
x mmzm L.ttzTAX t> mmmzn 
x. smmmz*).. BSfcSttwtfcRt-rcfc®- 

«S#S*«fia*t 65!*%*^^ *M^i»J»¥S 
[0059] ±IE<7)j: d C. §12 6^K«(Cj:fltf . 9 

$#a* fctflc* «**«fit«rt-4 aswrfisfciaa* 
e ?ii&*iBie[rt tssonff i&r-ti z t a*cs 4 . 

[ 0 0 6 0 ] §12 7<A$HJJUL SK2 6<Of6WCfc^T. 

a®*HflPi^a« , 9*s- r < x tmmzfffi lx& 
hr< x9m.± o mmmztit ajwsfrwt-f ** 

»tB#gfc * § & wn*. s ; t *mi. 1 1 h . 

[0061] ±M£CD£ oiZ. §12 7cO&BJifcJ:fUr . IK 

'mmzMfeLKmxh&mmmtifffiZMizi. mm 



[006 2] St2 8W5HBtt, 7fl)SMBt*J^T, 

t^*? i o.#iwi, T<x9mmz%mm-*z>£ 
Lxfrt>T<x?mmx Tmmmzm 

mmzm&mmmm-iiimbzz uzmiz 

ZbimtbtZ. 

[0063] ±id<7)ct 3c, 12 8<mmz^tni, m 
2 7?>miz&^x, t < xmwmmmw&tiKT 

mm%t&zbx\ tmztiZT<xm&izm-& 
mmmfficvtmmzxib&z bmmbtct. 

[0064] »2 90fMHtt. %2 7 <rmmzto\,\x . 
'tax'? I O^Sti. K*#t< X^gStCf&fftT^ 

mzti o m&mm&m btzuzmizzb 

[0065] Jhfa<7>«fc a t. »2 9C0^(C iWf . W, 
4. 

[ 0 0 6 6 ] §13 OfDWt §12 7~§I2 

[0067] ±te<7)J:o(C. §13 OWfHBC iiltf. §1 
2 7~§I2 9^HJCfcV^-C, a»Offl<VF^tt*K4 

ikfcio. mmzm-snmmmmKZ-itzm* 
tf<ttUz^zw£mimz$-z.mmwthz 
bmmb%&. 

[0 0 68] §13 lOfSHfffi. JB2 6<0«WK:a^T. 

o , &'<.&z.ww*mzxjiztitzm&m 1 cosst 

4fctt75/3J t S«S<tTV^t*Kfr-f^^ IO 
^Bb&^JWffa^Bb^ibR 0 * LfciMiWWKRiJIS 2 

m^mcommwmm^m 2 nw»£TW77-tx 
th&mmrvisxcoimz&zz^mizwxi. n 
At j; vmwrvuxnimtf^ztitz^Mz; §1 

t<zhb>mm , §i i «oB*<o»A^riss»a*»4>«is 



(9) BR 2 000-56932 (P2000-56 9JL 



A^TfilS^t*^ 1 8ft£J: 9 if ATOtS* 

spat-*-*. 

[00693 ±IE<7)J: d »3 1 liltf . II 

2 6 aagiicts i >r . %&#ffit&smm&fflvm 

[00 70] ff53 2C9f|Hll(4. SBl~»3 105MBt:iJ 
fa; I04M£(4. *V-y^jL«IE*ttffl-W 

[oo7i] ±fe?)J: a t=. ^3 20muzxtia* m 

1-4113 lOJHHfcfcWt. fU^Hl^fyVj. 

^^*anc*jv»Ttim~»3 1 

[00 7 2] 

[ »s «mto»jB ] (si confm® ) 01 14 . 

t7D>y?0Tftl>. llfcfcwt. *$10ggJtiB!B 

iPtrawia 1 2 1 . ^sa&i 3t. fa^io 

»14fc, T^-kXWr^ffSgPl 5i, A-Kf^? 
1 6i:£fii;i6«, 

[0073] wsmmw® 1 1 (4. ^-^mu (0 

Mwn < J: c , Bwpaa 1 3 #«ar &^afr 
[0074] tit, 3.-4pmmt\i.. mmcoz.-? 

1 1 ^«ft 1 1 weft « . - oa— yea 
f-?^Mxt. ¥f%mmiat&nA,w&. mmt 

9<F»\- KfU? 1 6±c7)5fcsB$a£^-n(iafi < J&T 

iMx-efti.. fr§s®B#^i:{4. B**>wia%T-f 

*fctt«&i: LTB£-f **jSSB*ia-Cft 
6. 

[0075] as>«RRPi» 1 2(4, g^eas 1 3*< 



^ar &g*^7^j£*ft<?-7igai . 
<9*v^a^«-r. s^tasi 3(4. #*«*§!ias 

«*W4. fa? I OS5 14(4. B*®iai3<^f' 

. vr4X9ie^m^-th. ;^3-?yK(i, jssw 
4 xof- ? *>r*hj l 4 s a**iT 3 a w k 

tib^.T^-fe^SMl 5(4. fa? I OSB1 
4A>'37yKHfi : LtKA-Hfa? l 64 9J5S 

A-h'f 4X9 1 6(4. Mga?)-?;H-*f ^ 7 
r-* xrt LTEttf * . 

[0076] 02(4. S^tagR 1 33MPli-4*a- 
Vto&Sfcfzt. 02lCfcWt. R (5) , R ( 1 
0) , R (23) -(4. SE»t&US$**:(ift*&*9l 
3R£»t. *jL-OjtfflfDK«R ( 1 0 ) (4. a-Ht 

a; 1 6 tfc(t& 1 oiucog^R ( 5 ) tmi itim 

&X\ T4X9 I0«14ti?-CKO{1JS<1*. * 
fc. R*R (x) (4. M'ceiMWSl 1 *»A>«pfe*cai 

[007 7] ST. 03~08£fflvvt. ;£$loggft 
JBJBtfiR&f a^$)J»^g^ft*e«Bjtl. . 03 
(4. *miwHS£»ffi(c«l»f a^M«B6a<0S^ft: 

mw*mm?*t7*'y9mb&. 04(4. ^-Hf 
-mzyrrrmx'hi. 05(4. ^7^jf-x/n 2 2 

0)ffij&O-W*ST$Wft*. 06(4. S*x-7;H 
3 "l^fll^W— M^S^HTft*. 07(4. 
1M/H4 1 a<0»*<?>-«Sr5ttBITft*. 08 
(4. T^-feXBHB-f-TOH 5 20flKRO-W&jp^H 
Tft*. 

[00 78] i-f: £XTOKnCj3ViT. a-Ft^ 
? 1 6(4. 7-^04 (C^-f 4: 3CffiB*>AV h#ffl (Jjl 
7. 7d >y ? fc o 3 ) X-mmW JSiiTfc D . 

ssccoxo y^rtt^-rg ( i ) ~g (m) tc^ 

^-7-^tt* J §it-CV^tc0t-r.l> (m(4. iE<7)S 
ISO . 3js»l^H*eB3BKi3V^tt. 6 4KA>f 

[0 07 9] ZZX\ 7u«/9Z r*r-7*s&Nft 

O^fJ^ffij^ftS. icO*ST'(4. A-Hfa;i6 

' (t. #^-rfc7u-y?£#J>3*rCi>. 1137 HU^ 

man?* 7 ;*^iiic±ieiaoi!t^(t^-xg 

( 1 ) tWO ST. «*^0 7?JH«C/';P-rg 

(2) £. OTIlt^-7g (m) iTfWOSTTi^ 
<. ffi^fij^ffico-«t Lt(4.' a-Ht a 
7 1 6±Ov'J y^t«*^-r»mT«|ofc»«: 

3R», ^)^-r\,zi^mm.<r>^) y-rmm *) %x 
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[0080103 £#S»LT . Sg^HffSgS 1 2 (4. 

^■amaia 1 2 1 1 . ^-rrnvf-zr^ 1 2 2 a * 

ffith. f*X9 I OgU4(4. B#2!trc£B14 
It. 3-?>'F?&fi : g|514 2k. 37yK4«*14 3 

Bwaai»i5 3i:«rfliii. B«lffS»l 3 

(4. *a.-£B;J<-f-77H 3 ltf»WiT«iLTV^ 
4. 

[0081] 5S7>**Waj« 1.2 1 (4. afe**;lfl»» 
1 l*64£6*i«nM&mde 1 ay (x) CS 
o'WC. (x) fc»W4. Sfe7«rMr-r 

;n 2 2 1*, a 5 iztfcti. o fc. ^nsssajs 1 2 1 

***a}U:£7B$*Jf (x) £&B:£R (x) rfcfclE 
1§7I> « 

[0082] B*r-7/l- 1 3 1 fi. .±3fc0 J; 3 KB* 

fctfS-f-ifctfMOf— -fjvx-hh. B3<f— tvh 3 1 

KUXa, 7?-feXB$|gt, Srr^jgfiflle! *jh7 5 

iTpLX^l. l*«f.3.-<93fcSS£\ fbMIn*«dpjL- 

[0083] ««k(4. K*«TOffiLK£'Cfcft«4l 
&&»KrC**A»fcSW. WlTKUXatt. B3<R 
fcJoTSBSI-^r-^W/N-KT-f X7 1 6±<7)5fc 

f4. BSR^) (Sfclis SSRR*?0» SBWHSIe xe 
£7S!l 4 . B# R^Hfi^HS exeili, B 
*R#mftLB*<7)i§£. WJSf I»t-^^a-Ht 

-Kt^X? 1 Sfcaft&A/CTWfHMH-idfCfcR 
■*-*B*BIT**. B3<t-7/H 3 Ifc:i5(t47?-fex 
Iffltll. 7?.-feX«HH'7—7>H 52#*64£6*l 
*. ^77^^Je«4. RSRflJJIffjS^rrtifcTO 
LfcB*»T**. ^±7 5^f 1 ag(4. 7 

•T. 7?-feX:M7type(4. £4>R!tR2:*attt 
fcSaaSfiiBSRfc^ftfc^fc^aO. r M 
4j , r l§1-J . r 31Mj tfHvtfftjtopaSi'iS. 0W 
{4. B#R ( x ) o£iW5*0 t R ( x., ) 7*4 J§ 

type ( x ) = r&£ j (4. B*R ( x ) ^mtt 
T»Ti-*£i:*U type (x) = rR-j (4. B 
*R (x) t?mR (x_, ) fcR&WI7FUXa (x 
- 1 ) Cr^-fe^-f 4ikS*L. typ e (x) = rjg 



$j (4. B*R ( x ) #B*R ( x., ) OUST KUX 
a (x.,) IzmftLfclMTVl'MZTf-tXtlZt 

[0084] B*SiR3514 1(4. g$f-/;H3 1 

OBSSrBX^ajL. ^-Hr-f x? l 6(cXfff«av 

$R3514 1(4. 37yHflf-7;H4 1aJtLT 
iJO. ri37>Hf!f-7/H4 1 afcttOBJU: 
B#Rk£j£U::i^:/hXkoW$£Si§74. 3? 
yN'tif-^H 1 a(4. mUz^i-iolC. &a 

vyFcrkcwRK. mmmr huxa, t-?-* 

Ulen, B^Rfci^r-^ffiadSr-eix-eillBli 
74. 

[0085] SfflKI4. K C#Sg*£ti L*ftJIA>« 

fi*W4. 5fesIi&arKl/XA{4. rJ-?yh'CtJ;-5T 
7^-feX-f 1 6±<0jfcffl<*>aH7K> 

x£jjc$\ r-^^x'l en(4. £tuW<?7n-y? 
$-^L7r^-feX-t4*^*LJtffit'*>4.' T-^fi 
fid(4. B*R* J 5fe«*^M#i07P y^K7^-feX 

K^-rft^MT'{4. 3 x 6 4 k AM h^MittLfcra 
7^*tt»ffi-r3-3(0K*R ( 1 ) ~R (3 ) t*tL 
T. lo^nvvHC (1) fc£jfcl,fc*£fcjSl,T^ 
5. r-^-t-fXl e n.( 1 ) (43. f-^ 

fifgd ( 1 ) ~d ( 3 ) (4I1K 1 -3 . ifeWltflTHU- 

xa ( i ) &T9**t&yu-y?<?m&nmmTY.v 

[0086] 3"7yH^gJ14 3(4. 7^-bXB#Sr 
-7;H 5 2tCtStfW47^-feX^iatc7)tJWfi2r#4 
Jt^av^FC&tft-fS. 3vyh*f6?T«14 2 
(4. B5f<StRg|5 1 4 1 Sfcttnvy 1 4 3^4i 

ifcUirJVVKCSrSftT. A-KfU^ 1 6^ff 
av>h*&fifg&14 2{4. Htftfcavv 
KCWUfrtSmSrA-h-r^Xi? 1 6*^SfiL. B* 
SIRS 1 4.1 CIHTlSSSrjBJrt-*. $^»K. 
HfT«l 4 2(4. n^y K«1f^ ^S8fflS»<058fll* "C 
cr>m^mexem^.l. 77*Ztif®n.titi$l 5 3 

[0 0 87] T^-tXBSIH&aiSBl 5 3(4. 
ffa514 2*^S(t^HffB$raexeKffi^V^T. 7^ 
.-feXBSHx-T'/H 5 2t7^-bXl«at&fSliW4. 

5 1(4. A-Kfa; 1 6rtKfe(t 
S /;U-7*(tc0tim L T O I. . j/^-t^ 

§1515 1(4. M^#X.SiJfflia51 l*^II7H^aJ 

a^jLt. sai&ar h ux a aw& ^-r g Sr* 

[0088] 7^-bX^r-7;H 5 2(4. H8 
(a) K^tJ:3(w. B*ROS«ktB*R* ? 7?-fe 
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Ltz^-Y-T 4 *7 1 (>n<r>?)\>-? (H4S:#B3) ffl 

wssnT7*xmmtzmmx'*ti?tim®t&. 08 

(a) (4. A-Hfa?l 6±<5D^yn-y^SrmfflW 
^;k-rJC^MWLfc*&tiJJt6 6 4 k hot^tt 

(a) izn^x, mtat < 1. 3>.(4. ?>v-7& 

( 1 ) «>t^-7g ( 3 ) ^T^-feX^^Wt^SMr 

•fe*B$|S|t-t {1,3} fc&S. 
[ 0 0 8 9 3 =5r*5 . Z<D79-tX^mmr--f)V 1 5 

214. rt-tx-fhT-tiMxizitfi&ixmtnT- 

7)UZ&Mlzlk%.tZZktfX'ZZ> «yU(f. 12 8k 
/nW h*?2 5 6 kA-f Hp) .. ttz. BWHUWiKH 

(4. Mffl(cfM$iL«. ifc, ^c7)7^-feXB$rafSr 
-//H5 2I1 ^/U-7g<0Jf*iJ£#JiL&ul§£fc: 
14. 08 ( b ) <7)£ o K«^t«j5Ltf-^tt 
i<0«^, te*W-4T-*«£l!'J»t 
77-fexi$|^£5££>67VU— 7 
g(4. 3&±cr>m*kr>Zi> ctV>. 3oJiLt.O^-T. 
g^j«^£tf)&i§-£(4. 3oW±c0g^T^-bX 

•r s »S7 k s ^-r g t*7 ? -t * s#ia 

[00 90] 09-01 l£#B?.LT. #8110 

tjffiW-*. 09(4. Tt^x&ffif-y^y 52<r>W& 
s^¥ie*^r7o-f-^-hfft«, 01014. fffc 
st^sr ( x ) <m xm^mkm-y^-^- vx- 

&*. 01 K4. 01Ot:fc(tSX-r«yrS2 14<5Dff 

[009 1] t-f, matLt, 3lffl!$tc77-feXB#l3 

H9**8&LTSKW*. 6 4 

^to^TRWti. 3^b'£j£g&l 4 3(4, ;\— K 
fU^ 1 6rtc73/;l/-7*g ( 1 ) ~g (m) <0**Vf 
flWBU ?Jl>-7lzmt&'J?%< t h 1 oJZLLOT'n 

'•yftmnti (xt-vts ion. mm. &?>i> 

-7Zk\,z?)V-7ft<r)%m, fif£c7)3o<r)7*a 

•y7*S 1 0 lT'^S?L^Tf37'D /^^+*^20C7) 
ti (Xf'vTS 102). Mil fiV-7z ( 1 )' 

C05tSiyU 7 7 t ?)V-~r& ( 1 ) CO^D 7 ? . 7 

)V-7z ( 1 ) <?>9iM7a v7b?iV-7z ( 1 

^D7;, ?)V-7Z ( 1 ) 0$tSl^D7^fc^U- 

rg (2)«5jfeH7Di-? > -fcoaa^-cfc*. & 
itii-Kxnmnizm ix . /n. y ? ^myija o c 7? 



-bX-TI.3-7yKCSr4i^-ri. (^f 7 /S1.0 3) . 

•y^<7)5fealSr^-rtia7h'U-XT'S> , 5. 37yK«ii 
ttRaajLBS. f-n«li6 4kAM h-C**. 
[009 23 nvyH^ffSU 14 214. 3"?>-h'£j£as 
14 3#£jftW:3'7>'FC*»ti:'J. yN-h'r-fX 
7 1 6MfcffU *OJCSSr5MI't*4'C^)|H , T«9iae 
xe£Sl5£1-£> Ur-yTS 104) . 7?-b^B#BW 
ajSB15 3(4, rjvyh'^firggi 4 2A>f>avyHCC 
%nXT?*XLim®7YVXtm#mgiexeki: 
Jm?t. *UT. 7^-bXBffilKffiai 5 3(4. ^ 
-T^j&SB 15 1 Z®$kLXo-?> KCtftW/U-r 

racosaa*^^, iK^/u-7 , ia«)7^.-bxBwat t 

LT7^-feXB#rar-7;H 5 2 0^JE-fl»g|5^||fi : 
B$raexe$:tS#r7^ (Xf77S105) . W±OX 
T77S 1 0 3~S 1 0 5*>ffiSfc, Xf'yTS 10 2 
T'&SUc^TOIf^ttLTff? (XT7 7S 1 0 
6) . 

[ 0 0 9 3 3 If-O^A— TiatHLTUff^fia 
e xe £1Mfc8tf>fc*& (Mitf. /Wg ( 1 ) £0 
5fesiyu -y J?*>^^;P^7g ( 2 ) <7)$fcsK7'a 7 
HffB*ra e x e t . g ( 1 ) Vmk-fu /?£ 

^'/U-7° g ( 2 ) cOftf&Tn 7 ^"VCOUff^e x e fc 
<0^^*^*&) C(4. 7^-b^lSWaj»l 5 3 
(4. |5]-0^-TStKbT^WBlexeW%ffi 
S»BJL, ^¥*^ffi^7^-feX«iar-7/H 5 2(C 

[ o o 9 4 3 »t . M^Siti9«a 1 1 tm lv«*r 

(x) &^(tfc-o^m<0»I^Sr, BIOHHRLTR 
M^*i)W«f*l 1(4. i-if^gK*^ft^ 

^ts^r (x) **tw*ts s*r (x) mmm 

B*Bld e 1 a y ( x ) ZgTTmmm 1 2 1 ^<tt 
6. ^T^EttJ^l 2 1(4. SSO^Jt^3i®lBf 
Ride 1 ay (x) ZtotiZbTttTmil (x) 
Kffl-fi (Xf7rS20 1 ) , ^7l^«iaj«l 2 1 
(4; JKBLfcarrtfMf (x) &%jm\T-7li>l 2 
2WS*Wl.i:ttC. M^#i$iJ»g|51 I'VjEM-r 
5. • 

[ 0 0 9 5 3 * fc. M^#x.*Jffll^ 1 1 (4, i-fW 
«5*»feB*R ( x ) £%im& b . K*f~77H 3 1 
Sr^fi-OftftS* i 'oli(:x#-vyt. H*R (x) t 
Wlk is J: VK«7 H l-A &tm H«RsW«rt-* 
*«*»S:«SW* (Xf77S202) . ^^^^ 
fc4lA'f^-ri.lt»a<7)^(4..^r-7VH 3 1 

Cffltf SS^O^^-f. 1H5CS^3!S?S8 1 4 1 (c 
2fcj3V^^L^S*R (h) #Jt,ra&>->fci&£. ^ 

#t©jfflia5i i(4. g*R (x) ts*R (h) <^ea 

iO{iffi(={5ifAL. ®*R (h) <r>T 9 -teX ^^f 7* ty 
P e ( h ) ^ risj-j gjjrn ( x ) QXTfjm) 
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e (x) $• r e (h) tmtmi KRjgf* (^f77" 

S203) . — *. XT^rs2 o 2iza^xmL^m 

*+*U (x) fc«Bk*HfL<, MH 
7 P VX a*117 FWa (xl^l/n-y ?4Wflt 

(^T7rS204) . 

[00 96] Ua*'r>y 7*S 2 04 ££VvCt£3-?«S 
5RR ( i ) jJteo*»-9fc»a, M^fciMWSl. Hi, 
BSTPl^a (x) fcf&aTHl^Xa (i) fc£ifc$& 
-fl (^r-y7'S20 5) . Z.<r)Xf»/7S20 5iZti 
UTa (x) >a ( i ) 1 
Hi. »*R-<x) ZW$R ( i ) Wttf^fiSt-ffilf 
AU S*R ( i ) 0>T9±A9,4'7t y p e ( i ) £ 
Uf-/rS2 06) . *r 
77S2 0 5CfcWa (x)<a Ci ). 
M^#x.fflJffli3S'l His K*R ( x) £B*R ( i ) <T> 
EilT0>ftHCfi#XU' ^*R ( x) <r>T9*.X947 
type (x) £ ra^j £K£t& (Xf77S20 
7) . 

[0097] lIWf77S 2 0 4fc*JWt&31-4K 
*Rj6»Jl-3*»fe«r4»-9fc*&» M^iM»95 1-1 lis 
g*r-7*vH 3 1 jL-tfW6ft)l*»fe»jh7 7^ r f 
1 a g^'0NT'fel»g*RA i ME-t-l»^5*^^-ri> 
(Xr-y7°S2 0 8) „ Xr-yrS2.0 8(cfc^TfS3 
■TSKSR ( J ) ^Jto^-jfc^ /ife^itHWH 
■ Hi. %oym.R ( J ) A>£Sf^2-e<7>t^TOg# 

Rwiftar b'^at, ( x ) nmm.7 y\sx& 

(x) t<rMX&ttXtth (XT77S2 0 9, S2 1 

1) . XT"/7S2 08lZt3V^-O&%t&%$Rti s M.1 
frh%fr->tzi%-h. &«Mx.®mm Hi, -f^T^S 
^R^STFVXai:, g#R (x) OfgHi7 F PX 

a (x) fc«DffiB*ifctt*6 (Xr-y7'S2 10, S2 

1 1 ) 

[00 98] ±ffi^T-yrS2 1 i £&Vvc|ft317FU 

xmmzimiK&%. mmrvuxa. <x) *<jt«SE 
aojmmisfcv* (m&wmmtzi) omizm 

*R (x) £(KJ?AU S*R ( x ) CDTf-tX? 47° 
type ( x ) £ Hftft j fcRjg?-* (Xf7rS21 

2) . ZZX\ XT77S2 1 l^lfcttCfi^T. Ml 
7FWa (x) iCT^-feX-tl.S^R (q) #£Oj&» 

s^r (x) tg*R (q) ttis isitf&a 

KffH*£»fW*fc*>. S*R ( q ) Witt 
(CJSRR (x) £{gffAU K*R (q) <?>7?*X? 
47type < q ) £ rgftj fcRjg**. -Ixf 
'•y7'S 2 1 HC*JV^TItflTH^tf)fil[jB*Jt3RLfclS 
H, 1197 HUX a (x) #JtlttLfcllS7FU**)R| 



fcrftfiLSrir^Ji, **-oftflWKS*R <x) £ 
(5t¥AU S^R (x) <7)7?-feX;yM7'type 

(x) £ fcftj&j-* (XT77-S2 13).^ 

*>«K WrKl/^a (x) «i<«fR«7 
HW*a. *fcli»Atimtm0B*R*>iftiI7FU* 
a*>»ft:J«rft»*fctt. fH^a^ttttAkttfflffl 
«R*ROSI±7 9/f 1 agSr'ONCRj&ti. 

[0.099 3 «K, ttt^ffJflHffl Hi, 5^R 

( x ) GSfcTWiPSMe ( x ) ( XTys7S 

2 1.4) . i^7^3@*«|e (x) 
7S2 14T?H8yUi, 01 HC^^yP-f-yfc LT 
vrf. JilT<OlKBBtfc^T, g^R (x) c7)n(I 
15««**5S*R (x.J fc, g^R (x) anfflftO 
B**S*R ! (x +B > fcfBWS. 

[0 100] 01 l£#58LT, Ml^i«fl«aJl 1 

li, ±i&xf-<yrs2 0i~S2 i 3$x<r)$mzm.-o 

xmR (x) cofiifASrffofcft. *m°imsw» 

K^mm^R (x. n ) j&^jjtta^y^nfcifc. if 
£ftALTfcJ»Hfrf & (^T77S 3 0 1). mz % M 

tf#*.M»ai Hi, ^r (x) onffltirag*. t 

**>^, ftWiiniK05S»R (x., ) 0)79±X94 7 
type (x.,) *Vmth (^T7 7S302) . X 
T v7S 3 0 2W*iJBrT'77-feX^^ rt y p e 
( x-, ) tf r^ij xhhUhik. r-t*M Xil ( = 
ds), ftsfO!&JI7Kl/X£a (x.J fc-tS (Xf 
77 , S 3 0 3 ) •. Xf -y7°S 3 0 2cO¥HBrt*7^-feX^ 
-f/type (x.,) rfl— j *^>-^ 
nfcl 3&HPiT*ffirf6««*SiTXr -yT3 0 2 t 
K« Uf--y7°S3 04) . —15. X=r-y7S>3 0 2<r> 
•$mX'77-tX?-{7type ( X-, ) r^[j 

^^y^ds^l2rjDi.-CXr-y7-3 0 2CM 
S(XT'y7S304, S 3 0 5 ) . ZlX. MX/Wi 
tm»l Hi- ±fEXx'y7-S3 0 2~S3 0 5^Hfi 
LT«46^t-^^ X ( = d s ) h5tslc0fgia7 
Xa. (x.J Sr. M^R (x) OSSIk (x) fcj:tff&, 
iTKWa(x) tftfc. 7fr-7m®l 5.1^ 

[01013 ^rfc, m.T—974 X ( = d s ) OJbRS 
(i. 7^-bX|BpiaT-7*;H 521ffi&LX^lT-7 

jwzvmztii. mm. 7n«f-^i5 2 

A^'4 x 64 kA-f hcOT-XfrtX-L^ftlX^*^ 
ltettz.lt. r-f-74 X(i4*«±R8i:^S. ^ot. «t 

0 =5rr- X(c«iE U^c 79 ^X^t-7)V 
15 2*«»t*ikT, i«Rg[WWRS:J:'5*#* 

[0102 ]• /;P-7^E8M» 1 5 Hi. Mt>'#xSi|»^ 

1 \pt>Kh%timm7YVXa. (x.J feiUfa 
(x) \rJ&-5WXftmh?)V-7% (x.J fcitfg 
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(x) intH-th (AT77-S306) . *LT. T? 
-feXBtltlf— X;H 5 2tt. SSk (x) if-i't'f 
X^^i-rSr-^J: 0 . ^-7g ( x. n ) 
/;K7g (x) <wr?-fe;swWt'{g (x. n ) ', 
g (x) > £#^4 (XT77-S30?) . 
[ 0 1 0 3 3 ±iexf-yTS 3 0 7T4tt^Sfl& t . 

e (x) =e (x.„) +t { g ( 
= e (x.„) +t (x) 
[ 0 1 04 1 *fc , Mtf#*.*J»» 1 1 tt. 
(x) JJIBM?5B*R (x +n ) <7)§§77£B^iJe (x +n ) 
£Tf^ ( 2 ) fcafcftvtJOW* (XfvTS 3 0 

e (x +n ) =e (x tn ) ■ +t ( 
-t {g (x.„) . 
[ 0 1 0 53 StfBl O^fiSU, Jt»«J:3fc«7 
.*JOMSe (x) WJHBlJiWirr^tHJSe (x tn ) 

(x) tsxvf (*> n ) v.m'h&fr : £frzztL?tm 

m-th (Xf"yXS2 1 5 ) . Xf ; yrS2 1 5<7)?l!2 

( x ) nm\m.z^m\m.t Lx&«Mmmz 

WTth. -Hi Xr-y7°S2 1 5<?Mfflzi$\iXt'<- 

x^imm f mx-%\ <si¥A{a-Btt;R§3 * 

«8rU ^^Tlf-o^#g*R^T^^je^)^M 

ftSKttAU W^R ( x ) C07?*X?4 Xt y P e 
(x) * rjjiftij tcBue-L-c, MiraAWSfcin-ra 

(XT77S2 16) . g$R (x) CDfjSDIT 

fcS*^*jh7 5^f 1 "agfcONKIftS&tS. J2LL<0 

^Jit^io. ffc&^jm (x) swales*?— x 
[01063 <kc, satr-xjn 3 1 #irf ss*r 

iiiRgB 1 4 Hi, B^r-X/P 1 3 1 Ojfcffifrfclfifc. 

«f Pf)J8#T5*R ( r ) SrKOtB-r. £ ' 
<7M. 1HMfi%$R (r) COT^-feX^-fTtype 
( r ) if r|SJ — j Sfcli rjg^j -CJbSiS^. R ( r ) 
<^^S*R (r + , ) fcRJtTKOaj-f. -£LT, 
R (r +1 ) fcOUTiT^-teX^-'fXtype (r tl ) 
MH8U rm^rtypetf rjfctj t%&* 

ka^sss^Rwaa. 7****4" xtype# 

rm-j <ofc*>£l$&. ±»U:t-*-«MX ( = d 

s > f)±m<D®&tmmz. 7?±mf®7—7Ji>i 5 

2*»*«»L.-Cv^r-7 , ;W:»§^il). ^t. £9 
*&$rT-*-»M Xfc*HSLfc7*-fe*«*ia-f-X/ui 

5 2*fiH*t4ifc, iiULTKoai-riasRoaj: 



aaiucr^-fe^isit {g u. n ) , g (x) 1 srg 

*R ( x ) OT-^-tX^t (x)iU *T**PWS 
e (x) SrTIEit ( 1 ) IZ&^X&iUtZ (At-sT 
S308) . 

x_ n ) , g (x) } 

••••(1) 

9 ) . fcfc. s£ ( 2 ) (CjSV%T*TT«PMBe 
(x tn ) ' tt, g#R (x +n ) #g*R (x) OffAfr 

x j +t ! g (x) , g (x tn ) > 
g (x +n ) > •••• (2) 

[01073 s$8fRS 1 4 1 «. ±Mimkv>m$R 

( r ) afcttjSRLTtt l Jii}Lfc8*R ( r ) ~R ( r 
+ i ) tH-fl.-o<03-7y h'C ( s ) JavyHflf 
-7VH 4 1 a <07*#8i) ±T4jS1" 4. 3V>F 
Mf»l 4 2tt, £$ag&Kl 4 lT'MUnvyK 
C (s) JA-Ffa; 16t«ffti. *fcs 3-7 
>Kf8fT»14 2tt, (s) ^ffLT*^ 

tT'OHfif^Hexe (s) ^LT. 3V 

yh*«ff»14 2«,-|«T«Hexe (s) S»K 
( s ) , r-^^-f X 1 e n ( s ) , jfcBSftar Hl^X 

a ( s ) tfttc, 7^-b^«isra?aa5i 5 3^a»t 
I. 

[0108] itz. 3-?ymftBi4 2it..j&§&% 

muz^^msmiK^i 4 1 (ciiat-^. ^lt, s 
s*a»?ai-4 itt, looawHc ( s ) Taao 

37yFflf-//H4 1 ai 0#S*Ot-^<2B 
0, 5*r-X/H 3 lJiWtK«Rfc*«-*^-H 

r -f X ^ 1 6 ^<ojaa*^7t 4 . 

[0109] fiftt:, SfflifCfcV^-C, 7^-bXBt^r 
-7';H 5 2HtSttLTV'»|,r^-feXB#ratc7)sEfrS:fi : 

imcomfttmrnx-hh. r^^x^wm-^i 53' 

tt, ±tewj; a taw KBfiS 1 4 2*»^«ff tfc 
37^FC (s) ^H^4«-ffi$fi2:A#-ri>. -J-fC, 
37yh'C (s) «l«;itTL/i37yKC (s M ) 
<7)HHE7F^XA ( s., ) i:, tSSTHb-XA ( s ) k 
izmrfvx . X;P-r^gB 1 5 1 fc J: 0X^-7* g 
( s ) fcil^g ( s., ) Z<Wk. Tt-tx® 
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Hftitiffil 5 314. T^-bX^r-T'/H 5 2^8 
( s ) HZVT-fVJ Xlen ( s ) tf-gc-fS 
f- TVWCO^T. 7?-te*H#lijt {g (s.,) , g 
( s ) } tf)ffi£Hff$l3e x e ■ ( s ). <7)<Itg##;i 
5. ^J^&flUI*. 37>KC£flfrri>rfclCfi : 

[.0 110] MLKgimmi Hi. *rfc*»R 
R ( x ) ^fi|(Crt>*>*><o1\ r^-feXH^Of— 7VH 
5 2rt<7)ffia*S£rtl>ri:K. B*t-7;H 3 log 
^OM^#t Sr^T^c Jt 3 K LX i> «t 

[0111] JjLhOJ: a (c, *f&BflOg? 1 OggfflftBtc 

■IRftttJartCS*^WT36%71-* J: 3 

T= (T1-T2) / (Ll- 
+T1/L1X (L1-L2) / 

[ b i -l 4 ] *w i <?>$mmx'\±, &gm&i 
fe^tft^ao^w^iBuffli^fflKL, -en-mo 

tf£l£&8U £7«««a}«l 2 114. ±E*«6»fc 

7n**was«i 2 hi. ±EHS<o«*fflv^srri*ji 

f MWBLTfciK 3 4>fc.. 5*<Z>«»kfc*fJEl/C 
vXTAgfetofiSr&ftU «7«BWaj*l 2111 

[o i i si ^\<r>mmm:\ti mtitz? 

•?> Y C TlUrf & i £ LT V ttfc £ *> 
14 Hi, m^'(7type*« rg^j o*§£0 

Mimnftit£<xi*±\\ z<?)W&. jjejbi*)** 

L/dItf)*£ftftLTt>cfcv\ I3HJMC. ^&g;R#7 



7?-fe*$&*£|6]±$tf. *>o. U7^ 
[ 0 1 1 2 3 *JB1 «StSSJB«t1i. SS^aiLB 

Lx^m^mxhh. iiarr&g^affl 

Ktt£Lfc7?*xi$iaT-7;U£ffr£U ifilllUrB- 
£<07?-fe*B^£teJl*rt*ltf&^. 4fc, RfcfflLB 
SO*. ££{4*£&*B#o;vrkflt*>&v\ 
[ 0 1 1 3 1 #B3<(4. £T 6 4 kAM KO@5£ 
tt-9*T9 J ixttWtXb'>titf. B3»7? 

7?-fe*L/CfcJ:v\ 7<-**fc:*«ELfc7 

#tcttJEL£7:?-feXl^^-7;l/£JH:SU tmth 

muxn&irh-mtfhh. mmzn. j-mli 

^7^-feX^SrTl. f-ML2 (LKL2) <7) 

-mm^xmmi. rie^ (3) 

L2 ) XL 

(T1-T2) ••■•(3) 

[ 0 1 1 6 ] 4fc. *m 1 ^WS«!BTti, r ^ 

3 vy H4Jjc»l 4 3, 37> FfSff* 142. 
7^-fe^^ < i9951 5fc|aww)fl|jSfe»oafk^e!It: 
<J;0BX#L^7^-feX^t$r77-feX^ra7 : — 7;l-l 

l 6±^^lell$i^•Cfc , ), 3^>-h"^^l4 3 

»tf»l 4 2.SrffltT^-KT-f Xi7 1 6 J: 0W»U 
7?-t^^rar-7;H 5 2KfSttLTfeJ:v\ 
3-?yH^g{514 3(i!. 7?**BHar-77H 52, 

3"7yH*ff»14 2«re*LrA-HT-< 

3v>-h'CS-4.^U. 3vyK%ffai4 2K37y 

k c zm-rz z b "CBfrtistz b im&Kt>& . 
[o 1 1 7] xmiwrnmrnBtzti^xiz. ^~ 

•f|,3-7>-h'C$r4S;-ri.3-7yH4Jtgpt . nvyH 

' izmz&tszbX'&ffL. m*ihix77*Amm7— 
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[0 118] 4£. *Bl<0ia»KBfc:l3VvC» T7-t 
X&ffflW.£®l 5 3(4. 2m? )V-7 scrims t 
(c. — fflRtf>R#R0>3Sff«*rae x e £,t;(;:7?-fcXl$ 

SStri:t20c7)^-7"g<7))i^Ttov^T. 77 

-rs* { . aspffiwiffii 2(4. 

fc«F*«H«8KU 4 Hi. *i-05fc 

L ^ 7 ? •fe*B||H0>*W<*S V ^t^T^^^J e 

[0120] (» 2 <7>H}|» II 1 2 {4, *3MH<*>» 
2 OlHtfftBfclffi Sfa; IPJ«»l<0fl|***t 7'o 
■y?0"C*&. HI 2(CfcnT. *^2^W:fl 

wmm22k. %%<m&23k. 1 0^2 

4 i: . A- KtV X? 2 6 1 fcflttS, 
[0121] M^#*fSW$2 1 (4, i-iffla» m 

«2 3 «jsf»*s*tf>Mtf <oe* 

^■fc*tff(tfcS**»A'*-6. i-ifi=g 
SW4. JJE» 1 ^IBtmfc&VvcBWJLfci*)*: 

[0122] S®l*^« : agi52 2(4. S$ffg»2 3*5 

< ffa»2 3tt, M"<*;iimw»2 ifrt>m%mizA?)2 
wfciai«T*4. fu? i ogp2 4(4. m&mm 

SrA-Kr^x^2 6^\ai^-r?.. <Itf)3-?y F(4. f5r 
7yhT*4. a-Ft4X?2 6(4. 1g$eSSO-?/U 

[0123] 4r. 01 3ts£xmi4im^x. #8 

S. 01 3(4. *S20SUtJKBfcflR67 f ^^^tdaes 

Hw^^tcp^w^^-rxDy^iat'*!.. hi 4 



(4, B*f— 7VU2 3 1^^-^J^^-fEt'*)!.. 

[ 0 1 2 4 ] 01 3 £#b§lt. 3S£^rai : aa52 2 
(4. #A?rflss»ftffaj«2 2 1 1. v^iffieiasaj 

352 2 2fc. ¥^lffiWll»»2 2 3fc^«i*. 4 
£. fa? I 0&2 4(4. ®$8ffi»2 4"li:, 37 
VWBff»2 4 2l:. 3vyK4JS»2 4 3i:*«i 
6. 4fc. B*«a»2 3J4, #*-S:S^T-y^2 
3 l<7>}KBT"ff«LTlr>6. 

[0125] if X*I%mmm.lii%2 2 l (4. M^gt 
MQm2 lfrt>$Z.L>tl&¥f®Mfmi3lde 1 ay 

(x) ts ¥mft%®m&2 23tfmt&3-?> 

HW^UfffifSi:*^. JfA^Ifi^^Si (x) £g 
Sit*. ¥*^lff«iawaj«2 2 2{i. nvyFfSfflff 

24 23&»fe»tfe5tffB«Bfc»^v^r. ¥%)mft*m 
n&th. *msmmM2 2 3(4. ^^ff^ra 

%\m2 2 2i?%\£Ltev>Y<rwmft*m*$ffi 
[0126] g^f- 7"^2 3 1 (4. _Bf!<0 J: 0 KS$ 

(4. 12 1 4 K^-r<k a (=. «««r r ca^k , mm 

THUXa, lfAnrfig8^ifc4tf*it7 7^f 1 a 

(4. mnwmim. t%fr-h. m*mtR®2 4 im 

[0127] ®Hk(4. S**«a»a}L5*"C*6*4l 
*a»BRT***»*Si-r. f&a7K^Xa(4. g^R 

snafiSr*-riisw^7 H u^-c* i> . if xnmwmn 

i(4. drjL-rtfcfcV^T. S«R (x) 4 0 tfTCif A ' 
Wflrl!*R««t^-. m±y5?f l ag(4. 75 
^0NtcJ:oTS*R<0W(c«fc^»**#AT'*irv^ . 
dfc. 4^(4. g*R<7)fj^f>—?^r(6]*>')£(^l>J: 

[0128] S*SS?«2 4 1 (4. H*r-^2 3 1 
05fesB*>&H#£lo]R9ttiU A-h'-f-f X?2 6t 
ffir?&3vy)iCt:&S<.t&. 3vyH^SB243 
(4. 3 F^Hff«IBIfiyWIJ2 2 3tSWt*37»«W 

3-?>F?lfifgB2 4 2l4. S*aS?»2 4 14^(4 
3 -? y K£jS« 2 4 3 4<4b£ 3 V >, H C £g(tT . 
a-Ht< X : ?2 6^ff-fl.. 4^c; 
24 2(4. ^fifLJtnvyHCcoHfir^SSr/N-Kr-f 
x ? 2 6 <b^fi L . m$mWM 2 4 1 lzmn&%ZM 

arr*. $^>(3. 3-7yHntf»24 2«4. 37^^ 
ff*>^n*T^m<osm4-c'c^Ti^a*ai^L. 
^^^2 2 2^ai^-n.. 

[0129] M^#i.SS2 1 (4. *rfctcStti: ->fcg* 

r ( x ) i . «*«o»A^ra^^Bt i ( x ) ^iat % 
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(x) MSWi&K-fcbZ&Zo^ M^#i. 
4. 

[0 130] ifcfc. 01 5fc2tf01 6£#!$.LT. * 

ttWteBWW *. HI 512. ¥J£g|filftiafiM«02 2 3 
.Ot«8RjS#**jRt7n— 016 
(2, ftfc«tJ?*R (x) (W*jm¥m*7frt7n-+ 

[ 0 1 3 1 3 Ifc-f . Bitfilfc LT. ¥*g*fTB*fflfiHMB2 
2 3t«^n,¥^H : fT^W^<lSr^2»^2r. 
H15-**MLTWIW-«. 3"?y)«£jS»2 4 3tt. 
a- Kf -f X? 2 6 ±.c07>y&%ltiim7 FL'XA^fe 
*4 6 4kA"4 hc9T-?(C7?-l:X-tl>3-7yFC£. 
£l£t*. 3VXFC££j£-f.g>gL.3-?yF<?>aSk 

(Xf7 7°S4 0 1 ) '. 

[0 132] 3-?yF?lfi : i$24 2i2. 3-?yF£j£g& 
2 4 3 U^WKC £§(t£ 0, A-Kf-f^ 

Uf?rs402). ¥^nfi : B#^»aja52 

2 2(2. 37yKM2 4 2*^rJ-?yFCOSSk 
fcHffB#iai:S-JRflt-5. <¥• LT. T^gfriSiajMjS 

2 2 2tt,.nff«fia*saktj:of»au ^Hsrt 
^^s^krtt^^yh-ri. (^f7rs4o 

3) . *l/C. ¥Wffi$|ijaiajg|52 2 2(2. fcSSffl 
k^fcV^T^tto^Hfifl^S^Scj^W^^ffi (« 
lOOOOffl) fcjgLjta>fc' L (Xt 

•yrs4 04) . gu^nr^. T^nffntia^waj 

4 0 5). &±n9imzt*>x. ¥*mffim<?)inmm 
tf^mmm&ftu 223 . 
[0133] &t=. £«mtww®2 1 jwku*:»r 

(x) fc*ti:>»fcJ2tt*0>»frfc, 0.1 6£#fiBLTK 
M^#i®JffliSP2 1(2, *-lflflISa»&*rfc 

^rg^R ( x ) *»flR* t . b*r ( x ) ammm^ 

B#rad e 1 a y ( x ) jS it^BBHk ( x ) £jf A*Tfi£g 

*m.&m 2 i^mth. »AWWi»*aj»2 

2 1 (2. ¥ ig»r>$l8l«»S2 2 3**«#H-*¥^Hff 
a#MTtt8SBBl*Hlcl e 1 a y ( x ) SrBfcgU f¥A*T 
|gg*^i (x) 2r»aj-ri) Ur«/rS50 1) . * 
fc. #BB-rS¥fe)llfifB§ra(2. g*R (x) coffiik 
(x) tULV^t^t-fS. »A*TffiK*ft* 

aia52 2 1 (2, jrsu Lfc#A*reBSR» i (x) 

[ 0 1 3 4 ] M^#x$iJ»2 1 (2. 
^2 3 1 S-^fjL-cofif^^lKcXdf-vyL. «jh7 
1 ag#bNTfc*Kjmj&W*-&a»5*»fcSt 



fttth (Xf77"S5 02) . idO«BR«HiiiJ:Vaa 
-T41k!iS«^M^(2s S*r-^2 3 1 fcfiflSrt-* 
K»0*=Sr^»-r. Stf(c£$aHRS2 4 lfci-jTBO 
£ilS;h.£g:££k^£ft.l>. ^f- x7*S5 0 2(cfcV^-C 
Uat4S*R ( j ) *»Jlo*»ofc«^, M^#i.0]ffll 
SS2H2. *<0B«R ( j ).36»4>ftflW4T«5^T«) 
S*R^ST Hl/Xat.S^Rfx) OUST F U 
Xa (x) fcc7)<aB£Jt«t& (Xf7rS5 03, S 
50 5) . XT'x7'S50 2tfeV^iSa-ri)W*R* i 
JJ.O*»fc£*»ofc*&. Sfe*#£IW«B2 1U\ 
^^R^HarK^Xai;. S^R (x) <3H«7F 
(x) t(7){iES-Jt©1-|) (^T77S504, 
S505) . 

[0 13 5] ±fEXT7 7 , S5 0 5(CfcVvCfil87Kl' 

zmszimttimm. mmrvuxa ( x ) #jt« 

aOJIffSraS&U (JMttfcttHNIU:&&) ttS£S 
*R (x) SrjfAtl. (Xf7rS506) . X 

ism. aiTK^a (x) ^'jt^L^i&arb'vxtfo 

HfcffiSL&v^te. **-«o««Jlfc:g:ftR (x) 
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